I INTRODUCTION
Over the course of the last 10 years, the B-physics program at the Tevatron has been very rich. Beginning with the observation of exclusive B decays in the 1980s, the program really blossomed with the introduction of silicon microvertex detectors in the 1990s.
The goal of this paper is to outline some of the measurements of the B quark sector performed at the Tevatron. The CDF and D experiments have learned a great deal about making these measurements in the challenging environment of a hadron collider. With forthcoming accelerator and detector upgrades, the future prospects for new and more precise measurements of CP violation, B 0 s mixing and rare B decays is very bright.
The paper is outlined as follows. After a brief introduction to the CKM matrix, we give an overview of the Run I measurements of B 0 d mixing and the CP violation parameter sin 2 . After in introduction to the accelerator and detector upgrades for Run II, we outline the experimental sensitivity for CP violation where the expansion in terms of = sin C , the sine of the Cabibbo angle, is known as the Wolfenstein parameterization. Of the four free parameters, two: and A are well-measured, with relative errors of = ' 1% and A=A ' 4% 1] . The other two, and are rather weakly constrained through indirect measurement. These constraints rely heavily upon parameters which are not will constrained theoretically. The ongoing goal for B physics measurements has been and will be to further constrain the CKM matrix. Imposing the condition of unitarity, V y V = 1, yields a number of relations between entries of the matrix. The most useful of these relations is:
V tb V td + V cb V cd + V ub V ud = 0:
(1) This condition can be displayed graphically as a triangle in the imaginary ( -) plane. Dividing the base by V cd V cb to make it unit length leaves the \unitarity triangle" which is shown in Figure 1 . The program we describe here is part of an ongoing e ort to measure the sides and and angles of the unitarity triangle in an e ort to overconstrain the CKM matrix, and hence, test the Standard Model. S with a 2 GeV=c transverse momentum requirement on both muons, the mean p T of the B is about 10 GeV=c. This implies that tracking at low p T (few hundred MeV) and forward tracking are both important aspects to b-physics at the Tevatron.
IV RUN I MEASUREMENTS
In the period 1992-1996, the CDF and D collaborations measured approximately 110 pb ?1 of pp collisions at p s = 1:8 TeV. In the following sections, we present a few of the many measurements which have come from these data samples. The large number of measurements of B cross sections, branching ratios, masses and lifetimes have been made at the Tevatron but will not be included here.
A B 0 d Mixing B 0 =B 0 mixing proceeds through box diagrams involving the top quark. The CKM elements V tb and V td come into play as the tops are exchanged in the box. The element V td contains and and, as a consequence of this, B 0 d mixing is sensitive to the length of one side of the unitarity triangle.
CDF has performed a number of measurements of time dependent B 0 d mixing. In order to make these measurements, the following items are required:
1. trigger on bb events 2. tag the avor of the B 0 =B 0 at the time of production 3. measure the lifetime of the B 0 =B 0 4. tag the avor of the B 0 =B 0 at the time of decay For these analyses, the trigger path takes advantage of the b !` c decays where an energetic lepton can be identi ed. In addition, the charge of this lepton provides the tag of the avor of the B at the time of decay. Corrections must be applied 3 for fake leptons and leptons from sequential b ! c !` s decays. A precision measurement of the decay length in the transverse plane is made using information from the silicon microvertex detector. This is converted to a B lifetime with an approximate correction for the velocity ( ) of the B.
To measure mixing, the avor of the B meson (that is, whether it contains a b-quark or a b-quark) must be identi ed (\tagged") at the time of production and at the time of decay. Since tagging algorithms are far from perfect, the true asymmetry is \diluted" by mistagging B The mixing analyses di er in two respects: rst is the method used to further isolate the triggered bb events from background and second is the method used to tag the avor of the B at the time of production. Also shown in Figure 2 is the mixing result using jet charge and soft lepton avor tagging algorithms. Here, the avor of the B at the time of production is inferred from the second B hadron in the event. This is known as \opposite-side" tagging. The problem with opposite side tagging is that quite often ( 50% of the time) the second B hadron is boosted forward in the lab frame, outside the acceptance of the detector. In addition, if the second B hadronizes as a B 0 d or a B 0 s , then mixing can further confuse the tag. In the jet charge/soft lepton analysis, there is no explicit D reconstruction. The B sample is identi ed by requiring a secondary vertex to be reconstructed in conjunction with the trigger lepton. Corrections are required for direct cc production and sequential b ! c !` s decays. Integrating over time, the statistical error on sin 2 can be written as: sin (2 ) This is true because a mistagged event not only is absent from the correct tagging bin, it is also present in the incorrect tagging bin.
CDF has made a direct measurement of the quantity sin 2 using 200 B ! J= K 0 s decays where both muons are reconstructed in the silicon microvertex detector. The avor of the B meson at the time of production is measured using same-side tagging. The advantage of using events with well-measured lifetime is that the time-dependent analysis utilizes more information on an event-by-event basis than does the time integrated analysis. As stated above, the asymmetry is of the form: A CP (t) = sin 2 sin( mt), so the asymmetry versus lifetime is a sine wave with frequency m and amplitude sin 2 . Most of the background is from prompt J= production. Since the B vertex in the J= K 0 s decay is de ned by the muons from the J= , backgrounds from prompt J= production look like short-lived B decays. At low lifetime, the asymmetry is small. At longer lifetime, the signal-to-noise is much greater and the asymmetry is larger. Overall, the time dependent analysis o ers about a 30% reduction in (sin 2 ) relative to the time-integrated analysis for a given sample of B decays.
The analysis involves an unbinned likelihood t in which the events are weighed depending upon their mass, lifetime and tag. Corrections are made for the intrinsic charge asymmetry of the detector. The dilution is required as an external input and extracted from the`D mixing analysis with the help of Monte Carlo. 
VI D AND CDF UPGRADES
Both experiments are undergoing signi cant upgrades in order to take advantage of the major increase in luminosity foreseen for Run II. The scope of these upgrades as they apply to the b-physics program will be discussed here.
For b-physics at a hadron collider, the most important aspects of the detector are the microvertex detector, tracking chamber and high-rate trigger and data 7 acquisition system. Additionally, it is important to be able to accurately and quickly identify leptons (e and ) for triggering. Both experiments are replacing completely their front-end electronics and trigger systems in order to handle the high event rates of Run II. The triggers will be pipelined and multi-staged, so that the lower trigger levels can process incoming events while higher level trigger decisions are made on previous events.
Additionally, both experiments are replacing their tracking systems. D is installing a 2T superconducting solenoid magnet which will surround a 4 layer silicon microvertex detector and a scintillating ber tracker. The microvertex detector will include disks for forward tracking. The ber tracker will cover out to 1.7 units of pseudorapidity ( ) 5].
CDF is building a new gas-wire drift chamber to replace the existing central tracking chamber. The drift chamber will be able to perform particle identi cation using speci c ionization (dE=dx.) A new silicon microvertex detector is being constructed. Additional strips (located cylindrically between drift chamber and the inner silicon strips) will be installed for forward tracking. The readout chip for the silicon system is a custom chip which will allow for simultaneous digitization of data from a previous event while acquiring data into the pipeline on the current beam crossing. This \deadtimeless" mode makes way for a trigger based upon the two-dimensional distance of closest approach (impact parameter) of tracks to the interaction point. The impact parameter information in real-time opens the possibility of triggering on B hadrons decaying to all-hadronic nal states through displaced tracks 6].
A \Beyond the Baseline"
In addition to the baseline detector upgrades for Run II, both detectors are now proposing additional upgrades for Run II which would signi cantly enhance the capabilities for measurements in the B sector.
D is proposing to add silicon vertex trigger which would utilize information from the silicon microvertex detector to look for tracks with displaced vertices. This trigger would also improve the momentum resolution of the existing tracktrigger which is based upon the ber system. As discussed above, a trigger based upon microvertex tracking information opens up a number of possibilities for for triggering on hadronic b decays.
CDF is proposing to add two additional detector elements 7]: 1. A time-of-ight system with 100 ps timing resolution, able to separate and K at 2 or better for p T < 1:6 GeV=c;
2. An addition layer of silicon (\Layer 00") which would be mounted onto the Tevatron beam-pipe, with an active region 1:6 cm from the beamline. This extra layer of silicon would improve the impact parameter resolution by almost 8 a factor of two for tracks which pass through additional hybrid material in the outer silicon layers. As will be seen in the sections below, these two projects would lead to drastic improvements in the B physics potential of the Run II detector.
VII RUN II B PHYSICS
A sin 2
The expectations for our reach in sin 2 in Run II can be a direct extrapolation from existing measurements of tagging dilutions and event yields.
Improvements over the Run I yield are expected from a) improved muon coverage and b) an improved signal-to-noise from the additional microvertex detector coverage. Based upon the improvements listed here and the Run I data sample shown in Figure 4 , the Run II yield estimate is 10,000 events in 2 fb ?1 . Studies indicate that this sample could be as much as doubled by triggering on ! e + e ? in addition to lowering the dimuon trigger p T thresholds from 2:0 GeV=c to 1:5 GeV=c 6].
Given this large sample of events, the statistical reach in sin 2 will depend largely on the \e ective tagging e ciency", D 2 , as outlined earlier. The existing CDF measurement of sin 2 uses only one tagging algorithm, same-side tagging. Work is ongoing to incorporate information from lepton tagging and jet charge tagging into the Run I analysis. CDF has measured the tagging e ciencies for several types of tagging methods in the context of B 0 =B 0 mixing. Table 1 shows measured and expected tagging  9 e ciencies, along with the relevant detector upgrades which will improve the eciencies.
For Run II, the estimated error on sin 2 for CDF (using D 2 = 6:7%) is approximately sin 2 ' 0:08. This error will improve signi cantly if triggering on ! e + e ? and lower muon p T thresholds are achieved with reasonable e ciency. A time-of-ight system would signi cantly improve the e ective tagging e ciency by introducing a \kaon" tag. It has been shown that tagging charged kaons from the b decays is a very powerful tagging method, due to the cascade b ! c ! s decay 8]. The dE=dx particle identi cation of CDF does not o er su cient -K separation at low momenta (p T < 1:5 GeV=c) to tag e ciently with kaons. The addition of a time-of-ight system would signi cantly enhance this ability and e ectively increase the statistics by 35%.
The Run II measurement of sin 2 will remain statistics limited. The dominant systematic uncertainty will again arise from the uncertainty in the tagging dilution. CP violation in the decay B 0 =B 0 ! + ? is related to the angle in the unitarity triangle. This all hadronic decay mode is very challenging at a hadron collider. Due to the small branching ratio (< 8:4 10 ?6 9]) we know that a signi cant sample can not be reconstructed opposite a b !`trigger.
CDF is implementing a secondary vertex trigger at Level 2 to separate hadronic B decays from inelastic (prompt) background. The information from the track trigger processor is combined with hits from the microvertex detector to measure the impact parameter of the tracks. The impact parameter resolution of this device is approximately 35 m and the impact parameter information will be supplied to the trigger decision processor in less than 15 s. This device requires beam position stability both during the store and from store-to-store. Real time beam position information will be fed back to the accelerator so that the position of the interaction region can be maintained over the course of the store.
Based upon existing data, it is estimated that an impact parameter cut of 100 m will yield a rejection factor of about 1000. The bandwidth challenge for the trigger is at Level 1, where no impact parameter information is available. Here a two-track trigger with kinematic cuts will yield a rate of 16 kHz. That rate is reduced to 20 Hz at Level 2 with the impact parameter trigger. the penguin decays were small, then the CP asymmetry measured in this mode would be sin 2 . The exact precision on sin 2 will depend upon how well the contamination from the penguin mode can be unfolded.
C Comparing with Projections from Other Experiments
Several experiments will be collecting data in the period 1999-2002. Two e + e ? B-factories at SLAC(BaBar) and KEK(BELLE), as well as a internal target production experiment at HERA(HERA-B) all intend to make many measurements in the B sector, including measurements of sin 2 and sin 2 . Table 2 shows the 11 expected reach of each of these experiments in approximately one year of running at the design luminosity of each machine. It is interesting to note that although the expected reach is similar for all of the experiments, the Tevatron measurements are in marked contrast to the measurements at BELLE, BaBar and HERA-B. Those experiments will have signi cantly smaller data samples but signi cantly better tagging e ciencies. This, along with di erent modes of production will allow all of these measurements to complement one another. This also points out how crucial avor tagging is at the Tevatron.
All of these experiments plan a rich physics program beyond the measurements of these two angles of the unitarity triangle. Also, CLEO-III will be running during this period, and will produce a large number of measurements of their own, including information which will help unfold the penguin contributions to B s ! D s (3 ) must be either reconstructed opposite a trigger B !`or else an impact parameter trigger must be used to attempt to separate the all hadronic nal state. In either case, the statistics of the fully reconstructed mode will be signi cantly reduced from the semileptonic modes. However, studies performed by both D and CDF have shown that the ultimate reach in x s will be better for the fully reconstructed mode than it will be for the semileptonic mode. Figure 5 shows the anticipated reach in time dependent B 0 s mixing using the fully reconstructed modes. The yield estimate is 20k events in 2 fb ?1 . Less certain is the signal-to-noise, so the result is plotted with two di erent S:N assumptions. Using the same tagging strategies as planned for the sin 2 measurement 1 , the ultimate reach with the baseline CDF Run II detector is x s ' 40, but note the signi cant improvement in reach when the proposed upgrades (an additional layer of silicon near the beamline and a time-of-ight detector) are included. If these upgrades are approved and included at the beginning of Run II, the ultimate reach in x s could be as high as 65 7] . 
E Lifetime Di erence
The ultimate reach in time dependent B 0 s mixing in Run II is x s 40-60. In the event that x s is larger than this, it will be possible to directly measure two 1) The opposite-side tagging algorithms will have the same dilution for B Radiative decays detected via photon conversion will also be pursued. The conversion rate is small (few percent) and depends upon the amount material in the inner detector regions. The advantage in using conversions arises from a) lower trigger thresholds for electrons versus photons and b) much improved 0 rejection.
H Rare B Decays
As in the kaon system, rare decays are sensitive to physics beyond the Standard Model. Both CDF and D will be well suited to search for (and likely observe some) of the following rare decays: 
VIII CONCLUSION
The CDF experiment has made competitive measurements in B 0 d mixing and rare B decay searches; and also made one of the rst attempts at a direct measurement 15 of sin 2 . This important work has shown that world-class B physics can be done at a hadron collider and lays an important foundation for Run II.
The outlook for B physics in the near future is very bright. Several experiments will produce measurements which will signi cantly constrain the CKM matrix and further our understanding of CKM physics and CP violation. Both CDF and D will play an active roll in these CP violation measurements, particularly in the decay B 0 =B 0 ! K 0 s . The Tevatron program will also yield important measurements in the B 0 s system with either a direct or indirect measure of B 0 s mixing, as well as study of the B c system. These mesons will not be accessible at the (4s) B-factories.
Highlights of the b physics program at the Tevatron in Run II will very likely include:
an observation of CP violation in the B system direct or indirect measurement of m s observation and study of the B c meson observation of \rare" B-decays stringent constraints on the CKM matrix and precision tests of the Standard Model. In addition, if the past is any guide, additional methods and measurements will be developed as experience is gained with the upgraded detectors and larger data samples.
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